Introduction The GREENFIELD observational study assessed the effect of levodopa/carbidopa intestinal gel (LCIG) on motor and non-motor symptoms, and the related impact on patient quality of life and caregiver burden up to 8 years.
Introduction
Parkinson's disease (PD) is a chronic, progressive neurodegenerative disorder characterized by motor and non-motor symptoms that impair patient's autonomy and quality of life (QoL), together with a consequent burden also on caregiver QoL [1] .
Oral levodopa efficacy shortens as PD progresses; in fact, within 2-5 years up to 50% of patients already may experience some degree of motor complications, with 80-100% of PD patients developing motor complications after 10 years of dopaminergic therapy. This is mainly due to the progressive loss of striatal dopamine nerve terminals, the short levodopa half-life, the delayed gastric emptying and abnormal intestinal absorption [2] [3] [4] .
Levodopa/carbidopa intestinal gel (LCIG) is continuously delivered via a percutaneous endoscopic gastrostomy with a jejunal extension (PEG-J) providing a more stable plasma concentration in patients with non-optimal control of motor fluctuations [5] .
Initial evidence for the efficacy and tolerability of LCIG came from a number of small-sample studies. [6, 7] .
Recently, three randomized clinical trials (RCTs) (one of them double blinded) have confirmed that LCIG reduced OFF time, increased ON time without increasing troublesome dyskinesias, and improved QoL [8] [9] [10] . The antidyskinetic effect of LCIG has been reported in the post hoc analyses of a 12-week double-blind study and of a 54-week open-label study on patients having at least 1 h per day of ON-time with troublesome dyskinesia [11] . Recently, a 6-month open-label pilot study, showing a 47% reduction of ON-time with troublesome dyskinesia, stated that LCIG has a substantial antidyskinetic effect and could be an alternative treatment also for PD patients with dyskinesia. [12] .
Moreover, LCIG leads to significant improvements in motor and non-motor symptoms, in daily living activities and QoL also in patients with motor complications [13] .
The long-term effectiveness of levodopa/carbidopa in APD patients on motor complications and QoL has been assessed in several routine clinical care studies up to 4 years of treatment duration [14] [15] [16] [17] [18] [19] . Few studies have been conducted in large populations to assess the LCIG outcomes longer than 4 years [20, 21] . Therefore, in the current study, we recorded the clinical outcomes in a large cohort of APD patients receiving LCIG in routine clinical care to evaluate the effects of therapy on both motor and non-motor symptoms, and the related impact on patient QoL and caregiver burden from the initiation of LCIG therapy over a maximum exposure period up to 8 years. The interim analysis of this study comparing the changes in primary endpoint and UPDRS scores between visit 1 (V1) and baseline (BL) data was previously published [22] . Here, we present the final results of this study.
Patients and methods
This post-marketing observational study was conducted in 14 Italian Movement Disorder Centers.
Treatment with LCIG was initiated in a routine patient care setting, according to the Summary of Product Characteristics, including the temporary naso-jejunal (NJ) phase to determine if the patient responded favorably to LCIG and to optimize the dose before treatment was initiated via PEG-J tube.
Patient selection
Consecutive APD patients showing motor fluctuations despite the use of oral medication, who started LCIG infusion according to clinical practice between 2007 and 2014, were considered eligible for enrollment into the study.
Inclusion criteria were: to be already treated with LCIG, presence of adequate information about previous medical history and treatment, and presence of at least one fulfilled scale or questionnaire among those collected during the study. Patients could be enrolled at any time after LCIG treatment initiation. Exclusion criteria were the presence of any conditions that, at the physician's discretion, could interfere with the long-term treatment with LCIG.
At the enrollment visit (V1), patient history and retrospective clinical data referred to previous conventional PD treatment, NJ phase and initiation of LCIG treatment via PEG-J were collected as BL data. During the same visit, current clinical parameters were also collected as V1 data. For the analysis, BL was defined as the last available data collected prior to NJ tube positioning.
Study design and treatment
The study design included two patient populations: the retrospective population and the prospective population. The retrospective population included all patients who had been receiving treatment with LCIG for ≥ 1 year and up to 7 years before V1, with available BL retrospective assessment data for ≥ 1 year. The prospective population included all patients receiving treatment with LCIG for < 1 year before V1. Patients continuing with LCIG treatment for further 2 years after enrolment and with follow-up visits on yearly basis (visit 2, V2 and visit 3, V3 or at the last available visit) were included in the final analysis.
Assessments

Effectiveness
The primary endpoint was the change from baseline to the last available follow-up (V2 or V3 or the last available visit) in the item-39 of the UPDRS-IV (proportion of waking day spent in OFF).
At V1 (enrolment visit), the following baseline data for secondary effectiveness measures were collected: demographics, medical history, previous PD treatments, NJ phase, LCIG dose of infusion at discharge from the hospital; the Hoehn and Yahr scale; the UPDRS I total score (in ON and OFF conditions), activities of daily living (ADL), as assessed by means of the UPDRS II total score (in ON and OFF conditions), UPDRS IV (total score), and items for dyskinesia duration (Item 32), dyskinesia severity (Item 33), painful dyskinesia (Item 34), and early-morning dystonia (Item 35). At the same visit, PD Quality of Life Questionnaire (PDQ-39), Parkinson's Disease Sleep Scale (PDSS-2), Gait and Falls Questionnaire (GFQ), Questionnaire on Impulsive Disorders (QUIP-RS), and the Relative Stress Scale (RSS) for caregiver burden assessment were collected only for patients in treatment with LCIG for more than 1 year before the enrolment visit and for all patients with missing BL value.
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The same assessments were repeated at V2 and at V3 including concurrent diseases and therapies, dosages and changes in LCIG daily infusion, and the economic and social impact of the familiar caregiver assistance. At each visit, the global efficacy on motor symptoms was rated by neurologist versus baseline by a three-point scale: improvement, no change, worsening. The patient's judgment on LCIG benefit, was collected at each visit by means of a scale rating from 0 to 10 and grouped as follows: 0-2 very bad, 3-5 unsatisfactory, 6-8 satisfactory, 9-10 very good. Safety data were collected from enrolment visit onward.
Safety
Serious adverse events (SAE) were collected retrospectively at the enrolment visit (V1) and prospectively at each follow-up visit (V2 and V3). Adverse events (AE) were prospectively collected. Furthermore, all the Product Quality Complaints (PQC), with regard to the medical devices defined as communication that alleges deficiencies related to the identity, physical aspects, potency, expressed lack of effect, purity, packaging, durability, reliability, safety or performance, associated or not with an AE were retrospectively and prospectively collected.
Statistical analysis
Sample size evaluation
Postulating a correlation between values at baseline and at last follow-up = 0 (conservative decision), a mean difference between baseline and last follow-up on the item 39 of UPDRS questionnaire of -1.0, a SD of 2.0 and using a paired t test, 87 subjects were to be enrolled, with twosided significance level = 5% and power = 90%. Considering a drop-out rate of 40% (according to the Italian clinical experience: 22% of drop-outs + 18% of deaths should be considered), at least 145 subjects were needed; therefore, a total of 150 patients were estimated to be enrolled.
Statistical analysis
All statistical analyses were carried out by means of the SAS® package (version 9.2). Continuous and categorical variables were summarized by descriptive statistics. Statistical significance was declared if the rounded p value was less than or equal to 0.05.
All patients from enrolled population that performed at least one post-baseline visit (V2 or V3 for prospective patients, V1 or V2 or V3 for retrospective patients) were included in the evaluable population. All analyses of efficacy variables were performed in the evaluable population.
For assessments over time (e.g., for all rating scales), the analysis by visit (V1-V3) was complemented by an analysis according to the "last-observation-carried-forward" (LOCF) principle: missing data at V3 have been replaced with the (non-missing) data recorded at V2. No baseline value (at V1) has been considered in the LOCF technique.
Comparisons between BL and each follow-up visit (with LOCF) of the efficacy endpoints were performed using a paired t test. Comparison between BL and each follow-up visit (with LOCF) of item 35 of UPDRS was performed by means of McNemar test. The same analysis was performed separately for the subgroups of prospective and retrospective patients. The comparison of the clinical indexes and the questionnaires scores during time was also confirmed through ANOVA for repeated measures on the population without LOCF.
To evaluate the impact of age of the patient and duration of disease on the UPDRS scores, a secondary analysis was performed by means of an analysis of covariance (ANCOVA) model with change from BL (with LOCF) as dependent variable, age of patient (dichotomous variable: ≤ 70 years; > 70 years), time since PD diagnosis (dichotomous variable: ≤ 13 years; > 13 years), and time since infusion ( < 1 year vs ≥ 1 year) as fixed effects and BL value as covariate. The difference between the adjusted means for age ≤ 70 years versus > 70 years and for time since PD diagnosis ≤ 13 years versus > 13 years were calculated with the associated 95% CI and p value.
Results
From the start of enrollment in November 2012 through July 2014, a total of 148 patients were included among the participating centers. Three subjects were excluded, due to inclusion/exclusion criteria violation, so the enrolled sample consists of 145 patients and 137 were evaluable. Across the study, 30 patients discontinued for different reasons and 115 patients completed the 24-month follow-up ( Fig. 1) . Considering that no differences in the primary and secondary efficacy measures were found between the retrospective (N = 59) and prospective populations (N = 86; 78 evaluable), we present here the results of the total population. In the total evaluable population, BL values were the data recorded before naso-jejunal phase or, if missing, data recorded at V1.
Demographic, medical history, occupational status, and previous advanced PD medications before the initiation of LCIG are summarized in Table 1 . The mean age of patients ( ± SD) was 70.4 ± 7.7 years, and the mean PD duration and the mean time since the onset of motor fluctuations were, respectively, 14.6 ± 6.5 and 5.9 ± 3.9 years.
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The antiparkinsonian medications with the daily dosages prior to start LCIG infusion are reported in Table 2 ; oral levodopa was the most commonly used antiparkinsonian medication (96.6% of patients), at a mean daily dose of 818.17 ± 404.4 mg.
The primary reasons to switch from oral antiparkinsonian therapy to LCIG were disabling OFF periods in 115 patients (79%) and uncontrolled dyskinesia in 32 patients (25%). At the last visit, the mean time since the LCIG start was 2.8 ± 1.66 years with a maximum treatment period of 8 years. The mean continuous infusion rate at the discharge from hospital was 3.21 ± 1.09 ml/h and it remained stable at the following visits (respectively, 3.23 ± 1.03 and 3.31 ± 1.28 at V2 and V3). LCIG was infused for 16 h per day, while only one patient at V1 and three patients at V3 reported a 24-h infusion.
Efficacy
The mean UPDRS-IV item 39 score showed significant and sustained reductions at V2 compared to BL (mean BL score 2.0 ± 0.81, mean V2 score 0.9 ± 0.69; − 55%; p < 0.001) and also compared to V3 (mean score 1.0 ± 0.75; − 50%; p < 0.001), as reported in Fig. 2 .
Furthermore, at each visit, respectively, 83% and 78% of the patients showed less than 25% of daily time spent in OFF while at BL the majority of them (76%) had more than 25% of daily time in OFF (Fig. 3) .
The mean LCIG treatment period at the primary endpoint assessment (V3) was 3.1 ± 1.5 years in the general population, while in the retrospective population the mean LCIG treatment period was 3.7 ± 1.7 years at V2 and 4.5 ± 1.5 years at V3.
At the last follow-up visit (V3), significant reductions compared to BL were observed for dyskinesia duration score (− 28% UPDRS IV Item 32; p < 0.001), dyskinesia disability (− 40% UPDRS IV Item 33; p < 0.001), and painful dyskinesia (− 50% UPDRS IV Item 34; p < 0.001) with a similar trend at each follow-up visit. The mean score reductions for each of the above-mentioned parameters and the corresponding p values are reported in Table 3 , along with the ANOVA results for repeated measures.
The UPDRS-IV (Part A + B) was significantly reduced compared to BL (mean baseline score 8.2 ± 3.27) both at V2 (mean score 4.7 ± 2.88; p < 0.001) and at V3 (mean score 4.9 ± 3.12; p < 0.001).
Twenty-five percent of the patients reported early morning dystonia (UPDRS IV Item 35) at V3 while this percentage was higher at BL (44% of the patients, p < 0.001).
There was a significant improvement through the whole study duration, on UPDRS II in OFF state that was reduced from 29.2 ± 9.63 at BL to 25.7 ± 8.49 (p < 0.001) at V2 and to 25.5 ± 8.76 at V3 (p = 0.003) ( Table 3) . 
Quality-of-life and PD-associated symptoms
The results on QoL and PD-associated symptoms questionnaires at each visit showed a different behavior in the retrospective and prospective population. The prospective population performed the assessments both at BL (close to LCIG start) and at each follow-up visit, while most of the assessments were not performed close to LCIG start for the retrospective population. Therefore, we show in Table 4 the results of the prospective population and in Supplementary  Table 1 those of the retrospective population. The PDQ-39 showed significant improvements at V2 (mean score 64.7 ± 25.4; p < 0.001) and at V3 (mean score 67.3 ± 26.4; p < 0.05) compared to BL (mean score 72.3 ± 23.8) (Table 4) . Significant improvement in PDSS-2, GFQ and QUIP-RS was also observed across all study visits. Among the QUIP-RS sub-items, sexual behavior, eating, and medication use showed a significant improvement compared to baseline only in the prospective population. The RSS for caregiver burden assessment did not show significant changes during the study compared to BL. The corresponding ANOVA analysis for repeated measurement confirmed these results except for GFQ and QUIP-Medication use (Table 4) .
Moreover, the clinicians considered 96% of the patients as "improved" since the first visit while only in 4% of the cases they reported a clinical worsening. Similarly, the patients' judgment on their QoL was "very good" or "satisfactory" in 91% of the cases at the last visit with a positive trend across the study (Fig. 4) .
Secondary efficacy analysis
The sub-analyses according to age, disease duration, and time since infusion (< 1 year vs ≥ 1 year) showed that, compared to BL, there was a significant improvement at V2 and V3 of the UPDRS II score during "ON" (respectively, p = 0.001 and p = 0.006) and at V3 of the UPDRS IV total score (p = 0.02) in patients with shorter ( ≤ 13 years) compared with those with longer PD duration ( > 13 years). A significant improvement was observed at V2 of the UPDRS-I in OFF (p = 0.043) in patients aged ≤ 70 years; on the contrary, the same patients showed a significant worsening at V3 in UPDRS-IV total score (p = 0.024), UPDRS-IV item 32 (p = 0.02), and UPDRS-IV item 33 (p = 0.011) compared with those being more than 70 years old, as reported in Table 5 . Moreover, comparison based on the time since infusion, both at V2 and at V3, did (Table 5) .
Adverse events
Overall, 40 (27.6%) patients experienced one or more SAEs (Table 6 ). The most frequently reported SAE, among those reported with a frequency higher than 1%, during LCIG infusion period were pneumonia (2.8%), femur fracture and cardiac failure (2.1%), peripheral neuropathy (1.4%), worsening of PD, fasciitis, and peritonitis (1.4% each). Only 8 out (Table 6 ). In 12 out of 145 patients (8.3%) the AEs lead to discontinuation, as reported in Table 6 . Fifty-four patients (37.2%) experienced PQCs; the most frequent were tube occlusion in 11 cases, dislocation of duodenal tube in 7 cases and phytobezoar in 5 cases (Table 6 ). Thirteen deaths (9%) occurred during the observational period, mainly for cardiac reasons (six cases). For 12 deaths, a reasonably possible relationship has been reported.
Discussion
Here, we report the final results from the largest cohort of patients with APD treated with LCIG in routine clinical practice from 14 Italian Movement Disorder Centers. The APD patients in this study were affected by motor fluctuations and dyskinesia not optimally controlled by standard oral or transdermal therapies. The previously published interim analysis of this study showed a significant reduction in total daily OFF time after a mean of 1.4 years of LCIG therapy with a magnitude of improvement consistent with the results reported in previous studies [22] .
Results from this final analysis of up to 8 years of LCIG treatment (with a mean duration of 3 years) showed significant improvements on motor fluctuations, ADL and QoL. The magnitude of OFF reduction observed in our study is in agreement with the recently published data, where OFF reductions varied from 48 to 67% [8, 12, 20, 21, [23] [24] [25] . Moreover, the high percentage of patients reporting a UPDRS-IV item-39 score between 0 and 1 during LCIG infusion (approximately 80% at each visit) is also in line with the recently reported data from the PREDICT crosssectional study where the percentage for this score was 81% for patients treated with LCIG and only 17% in patients treated with oral standard PD therapies [26] . The clinical relevance of this finding is further supported by the significant improvement of all UPDRS IV items related to dyskinesia and the total score of UPDRS IV.
The results of previous clinical studies on LCIG infusion have already indicated that this is an effective therapeutic strategy for improvements of motor symptoms (reduction in OFF time, increase in ON time without disabling dyskinesia, reduction of troublesome dyskinesia) [17, 27] , non-motor symptoms (somnolence, fatigue, cardiovascular and urinary function, tremor at rest), and QoL [10, [28] [29] [30] .
We observed significant improvements in UPDRS II for ADL, comparable to those reported in a 12-month prospective observational study including APD patients treated with LCIG as they start presenting with motor complications, having either 2-4 h of OFF time or 2 h of dyskinesia daily. In this study, patients experienced significant improvements from baseline in non-motor symptoms, with corresponding improvements in ADL up to 12 months [13] .
Significant improvements compared to baseline were observed in the prospective population for QoL assessed by PDQ-39, quality of sleep assessed by PDSS-2, gait and balance disorders assessed by GFQ, and compulsive behavior by QUIP-RS with a significant impact on sexual behavior, eating, and medication use habit. A significant efficacy on these non-motor complications was previously also reported by Fasano et al. in a small group of patients treated with LCIG for 24 months [31] . Our results on sleep are in line with previously published data showing that LCIG improved the quality of sleep and produced a less fragmented sleep pattern measured by polysomnography after 6 months of therapy [32, 33] .
It is interesting to note that in addition to the already established efficacy on motor and non-motor symptoms, there are clinically meaningful data regarding the positive effect of LCIG on axial symptoms. In fact, it has recently been reported in a retrospective study on 32 advanced PD patients, that LCIG has a favorable effect on freezing of gait (FoG), mainly represented by Pseudo-ON FoG and OFFtype-FoG [25, 34] . Moreover, LCIG was shown to be effective in seven PD patients with prominent episodes of freezing refractory to oral therapy [35] .
In the sub-analyses of this study, we observed that patients with a shorter PD duration ( ≤ 13 years) had a better outcome on motor complications and ADL compared to patients with a longer PD duration, while the age is discriminant only for motor complications which are slightly more disabling in younger compared to older patients.
The finding that patients with shorter disease duration had a greater efficacy in ADL is in line with the results obtained in the MONOTREAT study, where ADL score was significantly improved starting from 3 months of treatment in patients with 13 years of PD duration and with short daily OFF time period (2-4 h) or dyskinesia period (2 h of troublesome or non-troublesome dyskinesia) [13] .
These evidences strongly suggest that, in advanced PD patients, early treatment with LCIG should be carefully and promptly evaluated to improve motor complications and daily living activities.
The safety results were consistent with the established profile of LCIG [30, 21, 36, 37] . The percentage of SAEs was in the range of the adverse drug reactions reported in the complete GLORIA observational registry [24] , with device and procedure-related events more frequently reported. These observations must be taken into consideration on the necessity for close monitoring in the immediate post PEG/J positioning period and in the long-term follow-up. This is the first Italian study with data from a large population followed for a long period of time. Since this investigation was observational, with the collection of data recorded during routine medical care, we consider these outcomes to be close to "real-world' clinical practice and consistent with results generated in controlled short-term clinical studies. The mean treatment period in this cohort was approximately 3 years; clinical outcomes were followed through 24 months of follow-up in this cohort of 145 patients with APD to assess the benefits of LCIG infusion therapy for up to 8 years of treatment.
Limitations and strengths
Due to the partly retrospective design, many questionnaires and scales included in the protocol were not available at baseline especially in patients already in treatment with LCIG for more than 1 year. Therefore, the questionnaires with baseline assessment were available only in the smaller sample represented by the prospective population.
Since this was an observational study with the use of LCIG in routine care, the outcomes may be considered to be close to the real-world clinical practice, even if in the absence of a true control group.
Further limitation of this study is the fact that the results are not corrected for the levodopa equivalent daily dose of concomitant oral/transdermal antiparkinsonian medications. Although the use of concomitant medications was reduced after LCIG start, patients were still taking some antiparkinsonian or antidyskinetic during the study; therefore, improvements in dyskinesias and fluctuations may be also due an adjunctive effect.
The sub-analyses took into account the age of patients at the enrollment and not the age at LCIG implant, considering that age at treatment initiation is another important aspect in LCIG selection criteria. This would have allowed a comparison with the results obtained in an interesting prospective, open-label study in 28 patients with APD treated with LCIG for a mean treatment period of 24 months. In that study, younger age at operation and absence or presence of mild psychiatric/behavioral symptoms were positive predictive factors in selecting the best candidates for LCIG therapy [23] .
Conclusion
In conclusion, these results confirm that treatment with LCIG in the long term produces clinically significant improvements on motor function, non-motor symptoms, including sleep and impulsive disorders, and ADL in PD patients not optimally controlled by oral/transdermal therapies. This study also suggested a greater improvement in motor fluctuation and in ADL in advanced PD patients treated earlier since PD onset. Adverse effects and complications have been observed during the study period; therefore, the proper indications for LCIG should be always taken into account for the selection of a patient, considering the benefit against safety issues.
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